Introduction
Problems in engineering can be classified as steadystate, transient, and eigenvalue [4] . The field problems such as the transient behavior of heat conduction, saturated-unsaturated porous media flow, solute transport studies, and consolidation are the typical examples of those governed by parabolic type diffusion and diffusion with convection equations. Each of these problems can be described mathematically by differential equation formulation or by its equivalent intergal formulation.
In this paper the time-dependent heat flow problem is considered as an illustration to the derivation of integral and finite element formulation. The remaining types of diffusion problems will then follow in a similar manner.
Governing Diffusion Equation
The basic equation governing the 3-dimensional transient heat flow in solids (Carslaw and Jaeger, 1959 in which T = temperature, 15· = density, c = specific heat, t = time, Q' = specified heat flux, and Kx, Ky. Kz = thermal conductivities in x, y, and z directions, respectively.
Initial Conditions: For timewise solution~ initial conditions on Tare required and can be stated as follows where rt is the unit outward normal vector to the surface boundary. It represents the direction cosines of lx, 1y. and 1z and the overbar denotes a prescribed quantity.
Integral Formulation
The finite element equations can be derived by using either a variational principle or residual procedure. For problems with certain mathematical properties such as self-adjointness of heat flow, valid variational principles are available. For certain other problems, it may not be possible to establish a mathematically consistent variational principle. The Galerkin's residual procedure can be used to derive finite element equatiohs for such problems [5] .
Variational Principle
The integral equation will be derived from Eq . 1 using the variational principle. For simplicity the material in Eq. 1 is assumed thermodynamically isotropic and homogeneous, i.e., Kx = Ky = Kz = K, a constant that gives
is the Laplacian ofT. A quantity o T called "virtual temperature" is introduced which is an arbitrary temperature and has nothing to do with actual temperature T . With o T we construct Eq.3 by the following functionalo7T: o ~ the theorem of Eq. 5a is modified to
If the LHS of Eq . 5b is expanded we get
Replacing ~ with T and equating Eq . . 4 and Eq. 5c we obtairl es (2c) 
This integral equation implies the heat conduction equation and in an expanded form Eq. 7a is written as
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Eq. 7 governs the integral formulation for transient heat flow through 3-dimensional media; in fact there are a number of other penomena such as fluid flow in porous rigid media that are also governed by similar equations. The firlite element equations can therefore be derived and there are some steps required in this approximations. Only a general element and shape function will be discussed herein, the specific form of discretization of the continuum and selection of certain shape function will depend on the type of problem and the interest of the worker. A more comprehensive discussion of the subject can be found in references [5] , [8] and [ 10] .
FJement Equations
For each element an approximation function is selected to express the temperature within the element. In i -th element we assume where tl is the shape function and dependent on the space coordinate x, y, and z,9i is the vector of nodal temperature, and T and 9i denotes the time derivative of temperature and nodal temperature, respectively. »x. JJy and Pz incorporate the spatial derivatives of the shape function in x, y, and z directions, respectively. Substitution of Eqs. 8 and 9 into Eq. 7leads to the formation of element heat capacitance matrix (gi), conductivity matrix (~i), and nodal heat flux vector (fi). They are respectively obtained from the 1st. term, 2nd. term, and 3rd. and 4th. terms of Eq. 7 and are described below 
Eq. 12 is the form of 1st order ordinary differential equation for 9 and can be solved using certain available procedures on computer [9] .
Other Field Problems
A number of other problems occur in various disciplines of engineering that involve the phenomenon of diffusion. This can include the saturated-unsaturated porous media flow and consolidation in soils. The governing differential equations for their respective fields are shown in Table 1 . For saturated flow in porous media it applies to both confined and unconfined aquifer systems in groundwater [1] . In unsaturated flow, problems are frequently encountered in the soil-water studies which involve, for instance, infiltration or simultaneous transfer of heat and moisture. These governing differential equations can be used to simulate some important processes, particularly in the prediction of isothermal and non-isothermal evaporaton of soil water, gravity drainage without evaporation, and evaporation without drainage [7] .
Also illustrated in Table 1 is a problem that governed by diffusion with convection type parabolic differential equation. It involves the transport through diffusion and convection of chemicals, pollutants, contaminants, and dissolved salts in water under saturated and unsaturated conditions. EI-Damek [1983] used the Galerkin's 1-dimensional finite element models to solve simultaneously the moisture, heat, and solute transport in porous media. = material properties, conductivity and diffusivity.
= diffusive agents (fluids) properties = velocity. = applied flux (fluid, heat, etc).
••diffusion with convection problem.
Conclusion
The integral formulation can therefore be used for the derivation of element equations and solves the heat conduction problem as well as other field problems, like sat-unsaturated porous media flow, solute transport studies, and consolidation. We may note, however, that the finite element formulation for all these problems will essentially be the same except for different relevance of material properties and meanings of the unknowns such as temperature and fluid head.
